Abstract-In
order to elucidate the role of connective tissue components on the repair of ulcerated regions, quantitative changes in chemical components in ulcer tissue during the healing process were investigated in acetic acid-induced ulcer in rats. The ulcer index showed a peal: on the 5th day after the operation, declined rapidly and maintained a slight level the 15th to the 60th days, without a complete recovery. In ulcer tissue, sialic acid and hexosamine remarkably increased in the early stages of healing, showing a peak on the 5th day.
The patterns of time course of changes in both components ran almost parallel with those in the ulcer index. Uronic acid maintained slightly higher levels than normal levels the 5th to the 60th days. Hydroxy proline continued to increase with the time course from the 25th day. When acid mucopolysaccharides in ulcer tissue were isolated into various fractions, there were increases in hyaluronic acid on the 5th day, in chondroitin sulfate A and chondroitin sulfate C on the 30th day and chondroitin sulfate B on the 60th day, respectively. Significance of changes in these components in the healing process is discussed.
In the gastric ulcers of humans and experimental animals, the granuloma formation in ulcer floor and the regeneration of gastric mucous membrane are considered to be important factors for repair of the injured portion and the metabolisms of the connective tissue com ponents in gastric wall are no doubt related to ulcer healing. We have already reported the relationship between connective tissue components in granuloma tissue and inflammation of filter paper-implanted rats (1, 2).
The present work deals with quantitative changes in total mucopolysaccharides, glyco proteins (GP), acid mucopolysaccharides (AMPS) and collagen (CL) the so-called "inter cellular substances" of connective tissue in gastric wall during the healing process of acetic acid-induced ulcer in rats.
MATERIALS AND METHODS
Production of acetic acid ulcer (5) and the sialic acid content separated was then determined by the method of Warren (6).
The sialic acid content was expressed as leg N-acetylneuraminic acid/100 mg dry-defatted tissue.
Uronic acid: The extraction and separation of AMPS from dry-defatted tissue were performed by the method of Ito (1) and the uronic acid content in the AMPS was then determined with carbazole reaction using a modification of the method of Bitter and Muir (7) . The uronic acid content was expressed as og glucuronic acid/100 mg dry-defatted tissue.
Hydroxyproline: After hydrolyzing the part of the dry-defatted tissue, the hydroxy proline content in the hydrolyzate was determined following the method of Cessi and Cessi (8) . The hydroxyproline content was expressed as /eg hydroxyproline/100 mg dry-defatted tissue.
Fractionation and determination of AAl PS
A complete fractionation of AMPS extracted and separated from the dry-defatted tissue as done for the determination of uronic acid was carried out by means of the cellulose micro column method described by Svejcar and Robertson (9) . The uronic acid content in each AMPS fractionated was determined and expressed as >>g glucuronic acid/100 ill dry-defatted tissue.
Statistical analysis of data was performed using Student's /-test.
RU.5t1LJS
Changes in UI of glandular stomach during the process of acetic acid ulcer (" Table 1) The UI showed a peak (34.4-'-5.3 mm2) on the 5th day after the operation and necrotic changes were noted at the region of acetic acid injection from the 1st to the 5th days. There after, the UI rapidly decreased and maintained small levels from the 15th to the 60th days.
Changes in the contents of connective tissue components in ulcer tissue during the process of acetic acid ulcer Hexosamine ( Table 2 ) : The hexosamine content in ulcer tissue was much the same as in normal tissue on the 1st day (24 hr after the operation). However, this level then increased rapidly and showed a peak (205.3;; higher than in normal tissue) on the 5th day.
The level thereafter decreased quickly until the 10th day and returned to practically normal levels by the 60th day.
Sialic acid (Tabl 3) : The sialic acid content in ulcer tissue already showed a significant increase of 40.1 °" on the 1st day compared with that in normal tissue and reached a maxi MUM (128.6`,% higher than normal level) on the 5th day. However, the level then fell pro gressively and reverted to the normal level by the 60th day. Thus, the sialic acid content in ulcer tissue changed in nILICh the same manner as did the UI and hexosamine content.
Uronic acid (Table 4) : The uronic acid content in ulcer tissue began to increase from the 5th day, maintaining significant increase rates of approx. 300'1' till the 60th day. flydroxyproline ( Changes in the percentage of each AMPS to total AMPS in ulcer tissue clurin the process of acetic acid ulcer (Table 6) When the AMPS in gastric tissue were separated by the cellulose micro column method, the AMPS in normal tissue included 33.8 hyaluronic acid (HA), 34.5',', chondroitin sulfate A (ChS-A), approx. 10;,, each hepariti,i sulfate, chondroitin sulfate B (ChS-B) and chondroitin sulfate C (ChS-C) and a trace of heparin. On the 5th day, the percentage of HA to total AMPS increased in the ulcer tissue. Thereafter, there were increases in the percentages of ChS-A and ChS-C on the 30th day and ChS-B on the 60th day.
DISCUSSION
Of the components in gastric tissue, hexosamine is a major component of protein bound mucosubstances such as AMPS and GP and has been frequently determined in conjunction with the development and healing of gastric ulcer. Robert et al. (10) suggested that the hexosamine content in mucous membrane might indicate the amount of mucus, because the hexosamine content in organs known to contain mucous glands, was much higher than that of tissue devoid of such glands and the values obtained from various areas of gastric tissue were in agreement with histologic localization of mucus. In the present experiment, the hexosamine content in ulcer region reached a maximum on the 5th day, after which there was a rapid decline and changes in this component in the healing course almost paralleled those in the UI_ As we did not divide the ulcer tissue into the mucosa and the stroma containing submucosa, muscle and serosa, the marked increment of hexosamine in the ulcer portion on the 5th day may be attributed to not only the increased secretion of mucus due to regenerated mucosa but also to the granuloma formation in the ulcer floor. Ito (1) has already demonstrated that the hexosamine level remarkably increased in newly formed granulation tissue in the early stage of inflammation. The sialic acid, a main carbohydrate component of GP, increased significantly in ulcer tissue from the 1st day and showed a maximal level on the 5th day. Fukawa et al. who used the same model reported that at 10 min after the injection of acetic acid, the edema was seen in the mucosa and submucosa of the injected area (11) . Therefore, on the 1st day, the increased GP in the ulcer region is mainly considered to be one derived from plasma as a result of edema due to the increased vascular permeability. However, on the 5th day, the increased GP may presumably has two origins: one part is derived from plasma, while the other is synthesized locally in the granuloma and regenerated mucosa. From the above findings, it is likely that the GP in ulcer tissue participates in not only the protection of the gastric mucosa as a main component of mucus but also the granuloma formation in ulcer floor in the earliest stage of the healing.
The AMPS (estimated as uronic acid) in ulcer tissue began to increase from the 5th clay but later than the GP and then maintained constant increase rates until the 60th day.
On the other hand, the CL (estimated as hydroxyproline) continued to increase with time from the 25th day. The AMPS and CL are synthesized locally by fibroblasts. As origins of AMPS, Gerald et al. (12) reported that ChS-A or ChS-C-like material was secreted from the chief cells of the dog gastric mucosa and acted as a pepsin inhibitor.
Takagi and Abe (13) reported that the hydroxyproline level of mucosa in the ulcer region did not alter during the healing process of acetic acid ulcer. Therefore, the increment of CL occurs in the granuloma formed on the ulcer floor and may contribute to the reinforce ment of the ulcer floor.
The association between AMPS and the maturity of CL has been reported by many investigators. Wood (14) 
